Wastewater sludge reduced the heat required to inactivate rotavirus SA-11, and ionic detergents were identified as the sludge components responsible for this effect. A similar result was found previously with reovirus (R. L. Ward and C. S. Ashley, Appl. Environ. Microbiol. 36: [889] [890] [891] [892] [893] [894] [895] [896] [897] 1978) . The quantitative effects of individual ionic detergents on rotavirus and reovirus were very different, and rotavirus was found to be extremely sensitive to several of these detergents. However, neither virus was destabilized by nonionic detergents. On the contrary, rotavirus was stabilized by a nonionic detergent against the potent destabilizing effects of the ionic detergent sodium dodecyl sulfate. The destabilizing effects of both cationic and anionic detergents on rotavirus were greatly altered by changes in the pH of the medium.
Rotaviruses are enteric viruses which are released in large numbers in the feces of infected animals and humans. Because these viruses are believed to cause at least 50% of the cases of enteritis among infants throughout the world (1), they are some of the most important pathogens in wastewater and wastewater sludges. To prevent the spread of these viruses, it is important to find the most feasible methods to inactivate rotaviruses in sludge.
Because rotaviruses have physical and chemical characteristics similar to those of reovirus (7) but have significant antigenic and morphological differences (2) (3) (4) (5) (6) , it has been proposed that they be classified as a separate genus within the family Reoviridae. Reovirus is the prototype of the viruses in this family and has previously been chosen as the representative for inactivation studies in wastewater sludges. These studies have shown that the ionic detergents in sludge destabilize reovirus and reduce the heat required for its inactivation (9, 10) . They have also shown that the degree of destabilization is highly dependent on pH. This is one apparent cause for the more rapid inactivation of reovirus observed in sludge at low and high pH values as compared with pH values near neutrality (11).
Because of technical difficulties, it is not yet feasible to study the inactivation of human rotaviruses in sludge. However, it is now possible to carry out this type of study with animal rotaviruses. Therefore, a series of inactivation experiments in wastewater sludge were performed with SA-1l, a rotavirus strain isolated from a vervet monkey. These experiments can be directly compared with those previously carried out with reovirus. As shown below, ionic detergents in sludge destabilize SA-I1 in a manner similar to that observed with reovirus. However, the efficiency with which different detergents cause destabilization varies for the two viruses. 
MATERIALS AND METHODS

RESULTS
Effects of sludge and sludge fractions on rotavirus. The effect of wastewater sludge on the stability of rotavirus SA-li was first determined through a comparison of the amounts of viral inactivation during 15 min of heat treatment in water and sludge. No significant inactivation of SA-11 occurred in water until the temperature was maintained at about 50°C, but viral infectivity decreased by more than three orders of magnitude during 20 min at 55°C (Fig. 1) . In sludge, comparable effects were observed, but at temperatures that were about 5°C lower. A simliar result was reported previously with reovirus, except that sludge caused a greater reduction in the heat required to inactivate this enteric virus (9) . by a series of purification procedures and identified as ionic detergents (10) . When the same sludge samples isolated during these procedures were tested for their effects on rotavirus, the results were quite similar to those found with reovirus (Table 1) ; that is, the original sludge had some activity under the conditions tested, but this activity increased greatly upon purification. It was concluded, therefore, that sludge contains components that stabilize both reovirus and rotavirus, but that these are removed during purification of the components with destabilizing activity. Because the components isolated from sludge that are responsible for destabilization of reovirus have been identified as ionic detergents (10) and because detergents were copurified with the sludge components that destabilized rotavirus (Table 1) , it is possible that these components are also detergents.
Effects of detergents on the stability of rotavirus. The following experiments were designed to determine whether detergents do in fact cause rotavirus inactivation and, if so, which types of detergents have this effect. The effect of sodium dodecyl sulfate (SDS), a standard anionic detergent, was examined first. SDS effectively inactivated SA-li during a period of 60 min at pH 7 (Fig. 2) , even at room temperature (21°C) and at quite low concentrations (0.01 to 0.1%).
The conditions under which SDS was shown to be virucidal for rotavirus were then used to examine the effects of other detergents and detergent-like compounds on this virus ( Table 2) . As was found with reovirus (10), the hydrophobic regions of these compounds must have a crucial minimal size to cause rotavirus inactivation. For example, SDS was active whereas sodium decyl sulfate was not, and dodecyltrimethylammonium chloride was active, but nonyltrimethylammonium bromide was not. Also, as found with reovirus, nonionized detergents showed no virucidal activity, whereas both positively charged and negatively charged compounds inactivated rotavirus.
In contrast to the results previously found with reovirus (10), several of the ionic detergents did not inactivate rotavirus (lauroyl sarcosine, Sarkosyl 0, Standapol ES-40, Alipal Co-436) ( Table 2 ). In fact, these detergents and the nonionic detergents tested (Ethosperse LA-4 and Igepal Co-630) reproducibly caused increases in rotavirus infectivity under these conditions. The most probable causes for these increases in viral infectivity by detergents are dissociation of viral aggregates and removal of some virion-associated material that blocks infectivity.
To determine whether these compounds were Voit,. ,39, 1980 on August 27, 2017 by guest http://aem.asm.org/ (Table  3) . However, the two nonionic detergents tested continued to cause an increase in infectivity at this higher temperature. These results suggest that most, if not all, ionic detergents have qualitatively similar effects on rotavirus and reovirus. However, the quantitative effects of these detergents are clearly quite different for these two viruses.
The increases in infectivity of rotavirus observed after treatment with nonionic detergents at both 21 and 40°C suggested that these detergents might in fact stabilize this virus. To test this possibility, we measured the effect of a constant concentration of Igepal Co-630 (0.1%) on the heat inactivation of rotavirus at several concentrations of SDS. At a concentration of 0.01%, SDS caused efficient inactivation of rotavirus, but the presence of 0.1% Igepal effectively protected the virus (Table 4) . However, 0.1% Igepal could not prevent rotavirus inactivation by 0.1% SDS. Therefore, a nonionic detergent can stabilize rotavirus and partially, but not totally, overcome the virucidal effects of an ionic detergent.
pH modification of the effects of detergents on rotavirus. The studies reported above concerning the effects of individual detergents on rotavirus were all carried out at pH 7. In a previous report (11), it was demonstrated that changes in pH dramatically alter the effects of detergents on other viruses. Therefore, the effects of two representative ionic detergents on rotavirus were studied as a function of pH. The detergents chosen for this study were SDS, an anionic detergent, and dodecyltrimethylammonium chloride, a cationic detergent.
Although SDS was quite virucidal at all pH values examined, a minimal effect on rotavirus was found near neutrality, and more inactivation was observed in an acidic medium than in an alkaline medium (Fig. 3) . Dodecyltrimethylammonium chloride increased the amount of rotavirus inactivation at all pH values examined, but its effect was much greater at alkaline pH's. This result is similar to that previously observed with reovirus (11). However, it should be noted that inactivation of rotavirus by both SDS and dodecyltrimnethylammonium chloride occurred at much lower temperatures at most pH values than was found with reovirus. DISCUSSION We have carried out a number of studies concerning the effects of wastewater sludges on is not evident from chemical considerations, nor is it cleAr why slight structural alterations in an ionic detergent can cause it to have very different effects on this and other viruses. Certainly the differences between the effects of charged and uncharged detergents may reflect differences in the extents to which the two detergent types interact with the virus particles and the nature of the interaction. One method that can be used to help understand the cause of these different effects is to examine the molecular changes produced in virus particles by chemical agents. Such a study is the subject of the accompanying paper, in which we describe the effects of SDS and the chelating agent ethylenediaminetetraacetate with respect to rotavirus (12).
